Dr Gulati conceptualized the new nomenclature and growth chart, created the excel data spreadsheet to develop the new growth charts, created and implemented the resident surveys, drafted the initial manuscript and revisions, and approved the final manuscript as written; Dr Kaplan conceptualized the new nomenclature and growth chart, worked with the information technology division to develop the new growth chart within the electronic medical record, reviewed and revised the manuscript, and approved the final manuscript as submitted; and Dr Daniels conceptualized the new nomenclature and growth chart, critically reviewed the manuscript, and approved the final manuscript as submitted. Accepted for publication Aug 10, 2012 With the growing obesity epidemic, there is a significant need for improved characterization of extreme values of BMI in children and adolescents. It is well known that the risk for metabolic complications rises as BMI percentile increases. Freedman et al used results from the Bogalusa Heart Study to compare 6 cardiovascular risk factors 6 cardiovascular risk factors (triglycerides, low-density lipoprotein, highdensity lipoprotein, fasting insulin, systolic blood pressure, and diastolic blood pressure) in children based on BMI percentile. The results showed that 39% of children .95th percentile and 59% of children $99th percentile had $2 risk factors, respectively, which was significantly greater than children in the 85th to 95th percentile. Both of the higher BMI groups were much more likely to become obese as adults. 1 Therefore, it is important to classify and track severely obese children accurately and practically for both clinical and research purposes.
The 2000 Centers for Disease Control and Prevention (CDC) BMI growth charts cannot characterize severely obese children and adolescents. Ten selected empirical percentiles were chosen for evaluation (third, fifth, 10th, 25th, 50th, 75th, 85th, 90th, 95th, and 97th). The 99th percentile was not included. 2 The CDC growth chart data set is based on a preobesity epidemic population , leaving sparse data available to construct percentiles beyond the 97th percentile. 3, 4 The smoothed percentile curves were derived through 2 stages. First, the selected empirical percentiles were smoothed by using a variety of parametric and nonparametric regression procedures. Second, normalized growth curves were constructed by using a modified LMS estimation procedure, which summarizes the distribution by 3 age-dependent smooth curves representing the skewness (L curve), median (M curve), and coefficient of variation (S curve). 2 Cole' s LMS method adjusts the BMI distribution for skewness by using a power transformation, which stretches 1 tail of the distribution and shrinks the other, removing the skewness. 5, 6 The modified procedure used by the CDC applies the LMS technique to smoothed curves compared with the Cole' s original LMS procedure, which applies it directly to data points. 2 Derivation of values from select percentiles, rather than from the entire distribution makes extrapolation to the 99th percentile flawed. Even after using the LMS method to normalize the distribution, the transformed data does not allow for modeling in the extreme tails of the distribution. Extrapolated LMScalculated values for older girls are on average 2 BMI units higher than the empirical 99th percentile. 7 In fact, the CDC warns against specifically extrapolating growth charts beyond the 97th percentile. 4 Furthermore, the CDC growth charts have a maximum BMI value of 36 kg/m 2 , which precludes tracking of a severely obese child who has "hit the ceiling" of the chart (Fig 1) .
Despite the inaccuracy of the 99th percentile on the 2000 CDC growth charts, most clinicians and researchers rely on this as their only measurement of severe obesity because there are no alternatives. This is impractical because at extreme BMIs, large changes in BMI are associated with small changes in percentiles and z scores. A single 99th percentile denotes a huge range of BMI values. BMI z scores have a practical upper limit of #4.0. At this upper limit, where BMI z score reaches asymptote, BMI and BMI z score differ by age, gender, and starting BMI. 3 An unchanging BMI at the 99th percentile in an adolescent girl as she gets older correlates with a BMI z score that decreases, whereas in a boy, it remains stable or increases. For example, a 12-year-old girl with a BMI of 40 kg/m 2 , with an increase of BMI to 60 kg/m 2 at age 19, would have a decline in her z score from 2.699 to 2.598, which could be misinterpreted as clinical improvement. 3 The CDC recognizes that biologically implausible outliers can go undetected because of the z score upper limit. They have proposed an alternative calculation to "flag" these values, but this calculation is infrequently used. Using raw BMIs to classify severe obesity in the pediatric population is not a good solution either because of the expected BMI increases from age-related growth. 3 A unique suggestion to classify severe obesity in children was proposed by Flegal et Obesity BMI growth chart, girls aged 2 to 20 years.
BMIs were calculated by multiplying the BMI at the 95th percentile by a factor of 1.1 through 1.9 to derive the 110% to 190%, for both genders, aged 2 to 20 years. These data points were organized into an excel spreadsheet, representing a new data set for severely obese children. These extreme BMI points were plotted into our expanded version of the 2000 CDC growth chart to display the new percentile curves above the 95th percentile. The upper limit for BMI on the growth chart is 64 kg/m 2 . The CDC LMS-derived percentiles were maintained below these new curves to provide a frame of reference. Figures 2 and  3 show the new obesity growth charts for both boys and girls now used at Children' s Hospital Colorado.
This new nomenclature and growth chart will allow physicians to accurately define severe obesity, as well as monitor clinical changes. Take the example of a 15-year-old boy who weighs 250 lbs and is 59899 tall. He has a BMI of 38.1 kg/m 2 , which is at the 99th percentile. If this same boy gained 70 lb, his BMI would increase to 48.8 kg/m 2 , which is also at the 99th percentile. By using the new nomenclature, he would increase from 142% of the 95th percentile to 182% of the 95th percentile. This terminology is more representative of the change in his weight than a "stable" 99th percentile. Given the restrictions of the 2000 CDC growth charts, these BMI values plot out at the upper limit of the chart. Using the new obesity growth chart, the dramatic increase in BMI can be visually appreciated. It helps clinicians avoid the false assumption that this patient has not changed percentiles or clinically worsened. Severe obesity in the current era has come to include a large spectrum of BMIs, and this classification will allow for subcategories of an overgeneralized group. The new growth charts provide a wide range of percentiles that include all severely obese children. Researchers can redefine the current 99th percentile as 120% of the 95th percentile, which was found to be more accurate based off Flegal' s findings. 7 Additional subcategories using this nomenclature have the potential to help standardize research practices. Researchers may be better able to study differences among subgroups of the severely obese and their metabolic risk profiles.
Our new growth charts were uploaded into the electronic medical record making them accessible to all physicians at Children' s Hospital Colorado. Resident physicians (n = 60) completed a brief instructional pamphlet reviewing the concept behind the new obesity growth charts, as well as a follow-up survey to provide feedback. The majority of feedback from the resident questionnaires was positive, with residents ranking these new growth charts on average a 4 out of 5 for potential clinical utility (Likert scale: 0 = not useful to 5 = very useful). Physicians within our pediatric obesity clinics are using these growth charts to monitor the trends in their severely obese patients, and anecdotal reports from them cite improvement in their ability to track and monitor these patients. Pediatric residents are utilizing these growth charts in their primary care clinics and inpatient services. Future studies will evaluate possible changes to clinical and research practice as a result of these growth charts.
There were several concerns from physicians within our hospital regarding these obesity growth charts that could affect its clinical utility. Several physicians noted the lack of intuitiveness in reading them, combined with confusing phraseology (ie, use of 2 percentages). Others felt it was a difficult concept to explain to patients and families, who may misinterpret an obese BMI as "graphically normal" because the growth point would no longer appear at the top of the growth chart. Depending on a particular institution' s limits electronically, the maximum BMI that can be plotted may not be high enough to include all patients. Our electronic medical record system had specific restrictions in the legend, one of which was the inability to include the "%" sign and the other was a word limit. Therefore, the new curves labeled in the legend state, for example, "110 pct of the 95th" rather than "110% of the 95th percentile."
In conclusion, there is a need for characterization of extreme BMIs in children and adolescents. The 2000 CDC BMI growth charts cannot define percentiles beyond the 97th percentile. Categorization of BMI as a "percentage of the 95th percentile," as proposed by Flegal et al, is a potential approach that could help classify the 99th percentile. 7 The newly formulated obesity growth charts within our electronic medical record at Children' s Hospital Colorado use this concept to allow visual tracking of severely obese patients. The main limitations include bulky phraseology and misinterpretation of the growth chart if it is not well explained to the patient and family. At this time, these growth charts have only been presented to physicians for use. We do not know whether they are being used regularly in practice, helping patients understand their weight or lose weight, or standardizing research practices within our institution. If the growth charts do become used in research, metabolic risks and outcomes of obesity can be differentiated or grouped by percentage of the 95th percentile. Our future research goals include assessing for changes in clinical and research practices in childhood obesity with the advent of these new growth charts. 
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